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ABSTRACT: Cytokines such as tumour necrosis factor-a and interferon gamma are 
associated with active pulmonary' inflammation in sarcoidosis and they upregulate 
inducible nitric oxide synthase (iNOS). The objectives of this study were to examine 
iNOS upregulation in sarcoidosis by showing raised exhaled nitric oxide and increased 
iNOS activity in lung biopsy specimens of these patients utilizing immunohistochem- 
istry. 

Exhaled NO was measured by a chemiluminescence analyser in 12 patients with 
newly diagnosed biopsy-proven sarcoidosis before and after 6 weeks of corticosteroid 
therapy. Eung biopsy specimens from these patients were subjected to immunohis- 
toehemieal staining with a specific iNOS antibody. 

Exhaled NO was raised in newly diagnosed sarcoidosis (mean±SEM): 9.S±0.4 versus 
4.1±0.2 parts per billion (ppb) in 21 healthy controls, p<0.001; and fell significantly 
after 6 weeks treatment with corticosteroids to 5.9±1.4 ppb; p<4).01. There was no 
correlation between exhaled NO and other markers of disease activity. Immunoftis- 
tochemical staining demonstrated iNOS activity in respiratory epithelium and gran¬ 
ulomas in patients with sarcoidosis. 

Exhaled nitric oxide is raised in patients with activepulmonary sarcoidosis and may 
be a result of inducible nitric oxide synthase upregulation. The fall in exhaled nitric 
oxide following corticosteroid therapy may reflect inhibition of inducible nitric oxide 
synthase in the respiratory epithelium and granulomas. 
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Nitric oxide synthase (NOS), the enzyme responsible for 
the generation of nitric oxide (NO), exists in three major 
isofonns. Neuronal NOS (nNOS) and endothelial NOS 
(eNOS) are expressed constitutively and are responsible 
for NO production in the basal physiological state. The 
regulation of nNOS and eNOS is beginning to be under¬ 
stood, and thus far shear stress, hypoxia and interferon 
gamma (IFN-y) have been implicated in their upregulation. 
Their upregulation is not responsible, however, for the 
maj or increases in NO production seen in inflammatory 
states. Inducible NOS (iNOS) is regulated by cytokines 
and is responsible for increasing NO concentrations during 
the inflammatory response. The formation of NO fiom the 
oxidation of L-arginine to citralline occurs in various cells 
in the respiratory tract such as respiratory epithelium, ma¬ 
crophages, neutrophils, vascular endothelium, smooth mu¬ 
scle cells, mast cells and platelets [1, 2], NO has several 
functions in the airways, including vascular tone regu¬ 
lation, anti- and pro-inflammatory effects, neurotransmis¬ 
sion and tumour cell lysis [I, 2]. 

Studies have shown that NO measured at the mouth is 
derived mostly from the lower respiratory tract and can be 
measured in exhaled air of humans (exhaled NO) (3-5], 
Recently, a great deal of interest has been shown in 
exhaled NO measurements as a noninvasive surrogate 
marker of airways inflammation, particularly in asthma 
[ 6 - 10 ], 


In untreated asthmatics, the raised levels of exhaled NO 
reflected the upregulation of iNOS by the cytokine milieu 
in the airways as borne out by immunohistochemical and 
in vitro studies [6-10], NO produced in cystic fibrosis as a 
result of airways inflammation may be degraded or ab¬ 
sorbed by secretions, thus resulting in low to normal 
levels measured in exhaled air [11]. Data on subjects with 
progressive systemic sclerosis having interstitial lung 
disease and pulmonary hypertension have reported lower 
levels of exhaled NO compared to those subjects without 
pulmonary hypertension, suggesting that endothelial dys¬ 
function may impair NO production [12, 13]. These stu¬ 
dies clearly illustrate that NO production may reflect 
airway inflammation but its measurement in exhaled air is 
complicated by the underlying pathogenesis of different 
disease states. It is possible that iNOS activity may differ 
within such disease states and may be subject to the com¬ 
plications of severity and extent of the disease. 

Sarcoidosis is an idiopathic multi-system, granuloma¬ 
tous disorder that predominantly affects the lung, causing 
endobronchial, peribronchial and parenchymal inflamma¬ 
tion. Tumour necrosis factor-a (TNF-a) and IFN-y, cyto¬ 
kines that upregulate iNOS, are raised in active pulmonary 
sarcoidosis implying that exhaled NO levels should be 
raised [14-17]. The aim of this study was to measure 
exhaled NO in patients with newly diagnosed biopsy- 
proven pulmonary sarcoidosis, and to correlate these 
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levels with other markers of disease activity such as forc¬ 
ed expiratory volume in one second (FEVl), serum an¬ 
giotensin converting enzyme (SACE) and T-lymphocyte 
CD4:CD8 ratios in the bronchoalveolar lavage (BAL) 
fluid. The effect of corticosteroid therapy on exhaled NO 
after 6 weeks of oral prednisone therapy was investigated, 
and areas of possible iNOS upregulation identified by 
immunohistochemical staining of tissue samples obtained 
from these patients. 

Methods 

Subjects 

Study protocols were approved by the university ethics 
committee and all patients gave informed consent All 
patients had biopsy-proven sarcoidosis involving the lung. 
The characteristics of the study subjects are presented in 
table I. 

Twelve patients (6 males) comprised the cohort with 
newly diagnosed sarcoidosis (10 African and two Asian 
Indians). Their meantsEM age was 41±2.1 yrs. All had 
constitutional symptoms of fever and fatigue and ccmgh 
and eight patients presented with dyspnoea. All chest 
radiographs were abnormal (two Stage I Stilzbach, nine 
Stage II, one Stage III) and all had high resolution com¬ 
puterized tomography of the chest confirming typical 
sarcoid interstitial lung disease. Seven patients had asso¬ 
ciated eye (uveitis) and skin involvement, two patients had 
skin involvement only and two patients had significant 
peripheral lymphadenopathy in addition to the lung in¬ 
volvement. SACE levels were raised in 11 subjects to a 
mean of 76426 IU-mL' 1 (normal <52 fU-mlf 1 ). Mean 
FEVl values were 79.7414.5% of predicted. No patients 
received glucocorticoids or other immunosuppresive ther¬ 
apy prior to entiy into the study. 

Healthy controls comprised 21 nonatopic, nonsmoking 
subjects aged 4243.8 yrs, 10 males with no histoiy of lung 
disease. None had respiratoiy tract illnesses in the 6 weeks 
preceding the study. Poorly controlled steroid naive asth¬ 
matics (n=17; eight males) were used as positive controls 
in this study. 


Table 1.— Characteristics of patients with newly diag¬ 
nosed active pulmonary sarcoidosis 


Age 

yrs 

Sex 

FEVl 
% pred 

Baseline 

NO 

ppb 

SACE # 

IU-mL' 1 

CD4:CD8 
in BAL 
fluid 

PA 

chest* 
film stage 

41 

F 

78 

8.1 

89 

6:1 

n 

57 

M 

65 

9.2 

68 

5:1 

n 

34 

M 

89 

8.4 

69 

3:1 

n 

54 

F 

97 

4.0 

52 

8:1 

n 

42 

M 

54 

9.5 

55 

4:1 

n 

37 

F 

57 

10.1 

150 

3:5:1 

11 

28 

M 

87 

5.6 

74 

5:1 

ffi 

41 

F 

89 

15.6 

83 

5:1 

ll 

39 

F 

87 

18.9 

68 

2:5:1 

I 

37 

F 

71 

9.8 

54 

4:1 

11 

32 

M 

90 

7.8 

69 

5:1 

1 

47 

M 

92 

9.4 

74 

4:1 

11 


M: male; F: female; FEVl: farced expiratory volume in one 
second; NO: nitric oxide; SACE: serum angiotensin converting 
enzyme; BAL: bronchoalveolar lavage; PA: postero-anterior 
view (of the chest radiograph). *: Stilzbach stage of sarcoidosis; 
*: normal level SS2 IU-mL. 


Exhaled nitric oxide measurements 

A Logan R2000 nitric oxide analyser (Logan Research, 
Rochester, UK) was Used. This is a chemiluminescence 
analyser which is designed for on-line recording of 1— 
5,000 parts per billion (ppb) exhaled NO at a resolution of 
0.3 ppb. It has a response time of <0.55 s with high re¬ 
producibility. The analyser has a feedback control unit 
which maintains pressure at 340.4 mmHg and flow at ~1 
L-min"' (obstructed) and 5 L-min' 1 (unobstructed). 

These parameters do not effect the NO recording. The 
pressure changes in the mouthpiece and reaction chamber 
vary insignificantly and causes insignificant changes in 
NO readings (<0.1 ppb). The sampling rate of the analyser 
was kept constant at 250 mL-min' 1 for all measurements. 
The analyser also measures CO 2 (response time 200 ms at 
a resolution of 1% CO 2 ). 

Measurements were made with subjects sitting at least 5 
min before testing. The manoeuvre was started with ex¬ 
halation to residual volume (RV) followed by rapid inhala¬ 
tion to total lung capacity (TLC). Thereafter, the patient 
exhaled slowly and steadily from TLC over a 30-s period 
with an exhalation flow rate of 1 L-min' 1 into a wide-bote 
Teflon tube connected to the side arm sampler of the 
analyser. All subjects were allowed several dummy prac¬ 
tice manoeuvres. Nose clips were used in the Asian Indian 
patients and because of recognized technical difficulties 
(i.e., the nose clips did not provide an adequate seal to 
prevent nasal contamination of exhaled NO), the African 
patients were instructed to close their nostrils with their 
fingers in order to ensure an adequate seal. Tills precaution 
was taken, although the contribution from the nasal pas¬ 
sages to exhaled NO was not significant and arises mainly 
from the paranasal sinuses [18]. 

NO measurements were taken at maximum levels, mean 
levels and at the level when the C0 2 plateau was reached. 
The latter level represented the alveolar sample of NO as 
verified by studies in this area and is the value reported in 
the present study. Corrections for ambient NO levels were 
made with each measurement. 


Transbronchial biopsy and bronchoalveolar lavage 

An Olympus bronchoscope (F1T20D; Olympus, Tokyo, 
Japan) was inserted and wedged in the right middle lobe 
with adequate local anaesthesia and sedation, and a seg¬ 
ment lavaged using three 60-mL aliquots of saline. The 
BAL samples were subjected to flow cytometry to estab¬ 
lish lymphocyte CD4:CD8 counts. A 1.8-mm size cup 
biopsy forceps were used to obtain transbronchia! speci¬ 
mens. This tissue was transported in formalin and fixed in 
paraffin wax for histopathology. 


Immunohistochemical staining for inducible nitric oxide 
syndrome 

Lung tissue obtained from patients with sarcoidosis, 
pulmonary tuberculosis and control subjects were used to 
identify areas of iNOS activity. 

In the group of sarcoidosis patients, transbronchial (n= 
10) and open lung biopsies (n=2) were obtained and all 
specimens underwent immunohistochemical staining. 
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Transbronchial biopsy specimens were also obtained 
from patients with active pulmonary tuberculosis (n=10) 
confirmed by the presence of acid fast bacilli and caseating 
granulomas and were used to identify areas of iNOS ac¬ 
tivity. 

Tlie control group was comprised of 10 post mortem 
lung samples obtained from subjects involved in trauma 
not involving the lung. Care was taken to exclude any 
underlying disease state before samples were taken. All the 
above tissue samples were fixed in paraffin wax before 
staining for iNOS was performed. 

The process of antigen retrieval involved removing the 
fixative paraffin wax from tissue samples thus exposing 
antigen sites to immunohistochemical staining with a 
particular antibody, in this case a specific iNOS polyclonal 
antibody [19]. 

Lung biopsies were picked up on adhesive coated slides 
and incubated at 60°C for 10 min. Sections were then 
passed through two changes of xylene for 5 min each. This 
was followed by a passage through two changes of 100% 
alcohol for 3 min and two changes of 95% alcohol for 3 
min each and finally dried for 5 min. 

Five slides at a time were placed in a thermoresistant 
plastic coplin jar (50 rnL) filled with 0.01 M buffered 
sodium citrate solution pH 6.0. Slides were processed in an 
H2500 Microwave processor (Energy Beam Science Inc, 
Agawam, MA, USA) for 10 min at 85°C. Sections were 
allowed to cool in a coplin jar for 20 min thereafter. Slides 
were then washed in two changes of phosphate buffered 
solution (PBS) pH 7.4 and then allowed to dry. A circle 
was drawn around tissue sections with a Dako pen (Dako 
A/S, Copenhagen, Denmark) to form a well for reagents on 
the slide, in which they can interact with the tissue. Slides 
were then incubated in 3% H 2 0 2 at room temperature for 5 
min. Thereafter, slides were immersed in 10% calf serum 
albumin to remove background staining by nonspecific 
proteins. Slides were rinsed in PBS and sections incubated 
in 40 1:20 jlL PBS diluted rabbit primary antibody at room 
temperature for 10 min. Slides were rinsed in three aliquots 
of PBS and incubated in 40 llL of biotinylated link 
antibody (Dako LSAB 2 kit, peroxidase K0675; Dako A/ 
S) at 37°C for 10 min. Thereafter, slides were rinsed in two 
changes of PBS and incubated in 40 [iL of peroxidase- 
labelled streptavidin (Dako LSAB 2 kit, peroxidase KO- 
675; Dako A/S) at room temperature for 10 min. Slides 
were then rinsed twice in PBS and 40 (J.L of a substrate- 
chromogen (Dako liquid 3,3-diaminobenzidme (DAB) 
substrate-chromogen kit K3466; Dako A/S) was added 
to the slides and incubated for 10 min. Distilled water 
was then used to rinse the slides and Mayers haematoxy- 
lin used to counterstain the slides for 3 min. Slides were 
then rinsed in 1% ammonia urate to develop counterstain. 
After rinsing the slides again, sections were dehydrated 
through ascending grades of alcohol and cleared by rinses 
with xylene. Sections were then mounted onto coverslips 
with DPX mountant (BDH Laboratory Supplies, Poole, 
UK). 

A specific afEmity-purified rabbit polyclonal antibody 
was used to stain for iNOS activity (iNOS 2 (C-19): Sl- 
649; Santa Cruz Biotech Inc., Santa Cruz, CA, USA). The 
procedure was performed according to the protocol set out 
by the manufacturer. A dilution of 1:20 antibody to PBS 
was used. Furthermore, negative controls involved immu- 
noabsorption of iNOS antisera with respective antigens 


before incubation with tissue sections, or incubating tissue 
sections with normal serum instead of the first layer an¬ 
tiserum. 


Statistical analysis 

The data are expressed as mean±SEM. Statistical analyses 
of comparisons were performed using Student's t-test, and 
for parametric data and analysis of correlation Spearman's 
rank correlation was used. A p-value <0.05 was regarded 
as significant. 


Results 

Exhaled nitric oxide 

Figure 1 shows the comparative NO values between the 
different groups. The exhaled NO levels were signifi¬ 
cantly elevated in patients in newly diagnosed sarcoidosis 
(9.8L0.4 ppb) compared to the age matched healthy 
controls (4.1 ±0.2 ppb; p<0.001). There was no racial dif¬ 
ferences in exhaled NO levels both in patients with 
sarcoidosis and normal healthy subjects. In sarcoidosis 
patients, levels were 9.2 and 9.5 ppb in the two Asian 
Indian patients and 9.4±0.7 ppb in African patients. 

Control subjects comprised eight Asian Indian and 13 
African subjects. There was no significant difference in 
exhaled NO levels between Asian Indians (4.5±0.4 ppb) 
and Africans (4.4±0.6 ppb; p=0.61). The four patients not 
treated with corticosteroids had persistently elevated ex¬ 
haled NO levels. There was no significant variability in the 
measurement of exhaled NO levels in normal subjects; 
4.1+0.2 ppb measured on day 1 and 4.5±0.4 ppb measured 
on day 3; p=0.47. There was also no significant variability 
in the measurement of exhaled NO in patients with sar¬ 
coidosis: 9.8±0.4 ppb measured on day 1 and 9.6±0.7 ppb 
measured on day 3; p=0.52. 

There was no significant correlation between exhaled 
NO and FEVl (r= 0.06), SACK (p= 0.13) nor CD4:CD8 
ratio on BAL (r=0.07). 



Fig. 1. - Comparison of the exhaled nitric oxide (NO) levels in normal 
subjects, asthmatics (positive controls) and newiy diagnosed sarcoidosis 
patients; ppb: parts per billion. Horizontal bars represent the mean 
values; Pre-RX: pretreatment; Post-RX: posttreatment. 
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Fig. 2. — Significant fall in exhaled nitric oxide (NO) levels after 6 
weeks of corticosteroid therapy in patients with newly diagnosed sar¬ 
coidosis (p=0.01); ppb: parts per biUion; Pre-RX: pretreatment; Post- 
RX: posttreatment. Horizontal lines represent the mean. 


Eight patients with newly diagnosed sarcoidosis were 
heated with corticosteroids. Initial ieveis of exhaled NO 
and at 6 weeks after treatment with prednisone 40 mg daily 
were measured. Figure 2 shows a significant fall in ex¬ 
haled NO after the treatment period (9.7±0.5 to 5.9±0.7 

ppb; p=0.01). 


Immunohistochemical staining for inducible nitric oxide 
synthase 

Figure 3a is a photomicrograph of normal lung tissue 
showing scattered staining in the epithelial lining of the 
respiratory tract and macrophages. In sarcoidosis, the 
Staining was predominantly in the respiratory epithelium 
and granulomas (fig. 3b). The stain was taken up by ma¬ 
crophages and lymphocytes, as well as fibroblasts. Lym¬ 
phocytes not involved in granuloma formation did not 
stain for iNOS- The intracellular staining patterns showed 
uptake both in the nucleus and cytoplasm of cells, es¬ 
pecially macrophages and T-lymphocytes involved in 
granuloma formation. The intensity of staining for iNOS 
did not correlate with exhaled NO levels. The transbron- 
chial biopsy specimens were small and may not reflect the 
extent of disease or location of granulomas, factors that 
may influence exhaled NO ieveis. 

The transbronchial biopsy specimens from patients with 
active pulmonary tuberculosis also stained for iNOS ac¬ 
tivity (fig. 3c). The findings were remarkably identical to 
that obtained for sarcoidosis. There was increased uptake 
in the respiratory epithelium and granulomas. Increased 
staining is demonstrated in the macrophages, T-lympho¬ 
cytes and fibroblasts, predominantly in the granulomas. 
The intracellular staining patterns show both a nuclear as 
well as cytoplasmic uptake. 



Fig. 3. — a) Emmunohistochemical staining far inducible nitric oxide 
synthase (iNOS) in lung tissue from normal subjects demonstrating 
uptake in respiratory epithelium and macrophages (brown staining), b) 
Immunohistochemical staining for INOS in lung tissue tom patients 
with sarcoidosis demonstrating uptake in respiratory epithelium, mac¬ 
rophages and lymphocytes involved in granuloma formation (brown 
staining), c) Immunohistochemical staining for iNOS In lung tissue 
from patients with pulmonary tuberculosis demonstrating uptake in res¬ 
piratory epithelium, macrophages and lymphocytes involved in granu¬ 
loma ibrmatian (brown staining). Internal scale bars— a) 208 pm; b) and 
c) 67 pm. 


Discussion 

The present study has shown that exhaled NO is 
elevated in patients with newly diagnosed active pulmon¬ 
ary sarcoidosis and decreases significantly following 6 
weeks of corticosteroid treatment. Immunohistochemical 
staining demonstrated iNOS in the pulmonary sarcoid 
granulomas of these patients. Similar staining for iNOS 


was found in the caseating granulomas of lung biopsies of 
patients with active pulmonary tuberculosis. This suggests 
upregulation of iNOS in pulmonary granulomatous in¬ 
flammation and explains elevated exhaled NO observed in 
active sarcoidosis. 

NO is produced endogenously in the human airways 
(respiratory epithelium, endothelium and macrophages) [1, 
2\. It has a variety of physiological functions such as 
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vascular smooth muscle relaxation, bacteriostasis and 
neurotratismission [1,2, 20,21]. Studies have shown that 
NO can be measured in exhaled air in physiologically 
normal as well as pathological states. There are variations 
in the method of NO measurement and this prompted a 
standardized technique to be proposed by a European 
Respiratory Society task force on the measurement of 
exhaled and nasal nitric oxide measurements [22-25], 
The rapid on-line measurement of NO from air con¬ 
tinuously exhaled into the chemiluminescence analyser 
minimizes the loss of NO from the exhaled air. The 
specifications of this analyser met the proposals laid 
down by the task group, i.e. response time (lag time <2 s, 
rise time <2 s, total response time <7 s), resolution (±1% 
full range), measurement range (0.1-10,000 ppb) sample 
gas flow range (250-706 mL-min" 1 ). This study also 
complied with the recommended exhalation pressures 
(not higher than 20 cmH 2 Q) and flow (5-15 L-min" 1 ) 
during NO measurements as proposed by the task force. 
The NO measurement taken in this study was the end- 
tidal values corresponding to the plateau of C0 2 mea¬ 
sured in the exhaled air since this are shown from 
previous studies to best represent NO produced in lower 
airways [5], 

Exhaled NO in age-matched healthy controls in the 
present study were similar to reported normal values: 
4.1 ±0.2 ppb [14]. The immunohistochemical and in vitro 
studies demonstrating the upregulation of iNOS by the 
cytokine milieu present in the airways in asthma is 
reflected by the elevated exhaled NO levels found in these 
patients [9]. Steroid-naive asthmatics therefore formed 
positive control subjects in the present study and the 
elevated exhaled NO (21.7±3.6 ppb) was similar to that 
reported in the studies investigating this cohort of patients 
[7-10]. 

Exhaled NO was significantly elevated in newly di¬ 
agnosed sarcoidosis compared to healthy control subjects. 
Although constitutive isofomis of NOS generate NO and 
may contribute to baseline levels seen in control subjects, it 
is less likely that they are responsible for the significant 
increase in exhaled NO seen in pathological conditions. 
More studies are needed to verify the role of constitutive 
NOS in this area. The elevated NO seen in the present 
study is most likely due to iNOS induction by the cyto¬ 
kines TNF-a and IFN-y which are elevated in active 
pulmonary sarcoidosis [14-17]. This hypothesis is sup¬ 
ported by the positive specific iNOS immunohistochem- 
ical staining demonstrated in tissue samples from patients 
with newly diagnosed sarcoidosis. This is in contrast to 
tissue from control subjects, which showed slight iNOS 
activity in respiratory epithelium and occasional macro¬ 
phages. Lung biopsy tissue from patients with sarcoidosis 
and active pulmonary tuberculosis stained strongly for 
NOS in the respiratory epithelium, macrophages and lym¬ 
phocytes within the granulomas in the present study. 
Similar iNOS staining was noted in active pulmonary 
tuberculosis tissue in the study by Hwang etal. [26]. The 
inflammatory cytokine milieu found in tire airway of 
active pulmonary sarcoidosis raised levels of TNF-a and 
IFN-y, most likely upregulates iNOS activity in these 
granulomatous disorders [14-16]. 

The lack of correlation between exhaled NO levels and 
conventional markers of disease activity suggests that 
iNOS induction is a response to the inflammatory pro¬ 


cesses of sarcoidosis in the airways and may not reflect the 
granulomatous burden nor the structural changes taking 
place in the lung. Interestingly, one study has shown no 
correlation between TNF-Ct levels and forced vital capacity 
or alveolitis [27], The fall in exhaled NO in patients with 
sarcoidosis treated for 6 weeks with corticosteroids most 
likely represents downregulation of iNOS and is probably 
similar to that reported in asthma following oral cortico¬ 
steroids [28]. 

A recent study has shown that exhaled NO was not 
raised in Irish patients with active newly diagnosed pul¬ 
monary sarcoidosis [29], This difference is not explained 
by the methodology used in measuring NO levels in 
exhaled air as both methods were similar, but the cohort 
of patients investigated may well be different. Sarcoidosis 
usually runs a more indolent and chronic course and tends 
to present late in the patients in the current clinical setting. 
Under these circumstances, significant iNOS induction 
may occur reflecting the elevated NO levels in exhaled air 
and strongly positive iNOS staining within granulomas. 

O'Donneu. et al. [29], in their study, state that they 
"cannot answer the question whether excess NO gener¬ 
ation occurs in Black patients. This disease tends to 
follow a course with more frequent end-organ damage 
than that of Caucasian patients". The present study dem¬ 
onstrates increased NO generation in African patients 
with sarcoidosis. 

The NO levels in exhaled air ofpatients with sarcoidosis 
was not invariably raised (three out of 12 patients had 
normal levels) nor were the levels as high as in asthma. The 
subepithelial location of granulomas, a potential source of 
NO, may result in impaired diffusion of NO into the 
airways in contrast to asthma where the largest source of 
NO is the respiratory epithelium and may also explain the 
variable levels in sarcoidosis. 

Further verification is required for the strong nuclear 
staining by macrophages and TTympliccytes within granu¬ 
lomas since iNOS is a predominantly cytoplasmic enzyme, 
though nuclear staining does occur. It is possible that iNOS 
activity is present along the nuclear membrane during up¬ 
regulation by cytokines in pulmonary tuberculosis and 
sarcoidosis. It is less likely that the antibody used foriNOS 
staining cross-reacted with a substance in the nucleus since 
this is a specific antibody for iNOS and that staining for 
iNOS in healthy control subjects in the current study has 
shown staining patterns in keeping with previous immu¬ 
nohistochemical studies of iNOS in the lung [30, 31]. 

The observation oflymphocytes within granulomas sta¬ 
ining for iNOS and those in surrounding tissue not staining 
is interesting. It is possible that stimuli inducing lym¬ 
phocytes to participate in granuloma formation may also 
be the factors upregulating iNOS. An alternative explana¬ 
tion is that these are two independent processes. 

This study has shown that the upregulation of inducible 
nitric oxide synthase in sarcoidosis most probably explains 
the raised levels of exhaled nitric oxide. The subsequent 
fall in exhaled nitric oxide after corticosteroid therapy may 
reflect inducible nitric oxide synthase inhibition by this 

drug in patients with active sarcoid alveolitis. 
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